We study a compensation plan problem in the fashion retailing industry, which involves a risk-neutral fashion retailer and a riskneutral salesperson, in a two-stage game framework with asymmetric information. In the first stage, the fashion retailer provides a menu of compensation plans to the salesperson who decides which plan to sign based on his superior market demand information. Confronted with the asymmetric demand information, the fashion retailer could observe market information from the salesperson's response by designing a menu of compensation plans rather than a single one to the salesperson. In the second stage, the fashion retailer then makes production decision and the salesperson determines his selling effort. We consider both adverse selection and moral hazard. We adopt the quota-based plan to derive the fashion retailer's optimal compensation plan design and the salesperson's best response. We emphasize the impact of the quota level on the system outcomes. The results reveal that a higher quota level is disadvantageous to the fashion retailer but advantageous to the salespersons.
Introduction
The information, especially the demand information, is particularly valuable for the fashion supply chain. Large fashion companies (such as deluxe luxury brands Gucci and Burberry) often employ a sales force which is comprised of multiple salespersons. These salespersons are often called fashion sales representatives. In the sales compensation problem, the sales force employed by a fashion retailer may have an advantage over the fashion retailer in access to the market information. The sales force usually has some demand data directly related to the market and could do analysis to dig some information. This superior market information could be exploited by the salesperson to assess the demand potential, determine selling effort, and choose the compensation plan from the fashion retailer. If the market information is revealed, the fashion retailer could make better production plan, such as deciding the clothing color, the raw material quality, the style, and the quantity. This asymmetric information situation is referred to as "adverse selection" in the agency theory (see, e.g., Kreps [1] ). Another issue in the compensation problem is the so-called "moral hazard, " which implies that the salesperson's selling effort, which directly determines the sales volume, is unobservable to the fashion retailer. Hence, the main concern of the fashion retailer is to design an appropriate rewarding scheme to induce the sales force to reveal truthful demand information and, at the same time, encourage them to work hard. We will consider both issues in this paper.
Specifically, we consider the compensation problem involving one fashion retailer and one salesperson. Both the fashion retailer and the salesperson are risk-neutral. It is widely accepted in the literature that a typical way out of the compensation problem combining moral hazard with adverse selection is to offer a menu of contracts to the salespersons. This approach provides a mechanism to avoid the distortion of the private information, which is the main objective of our paper. At first, the fashion retailer as a leader provides quota-based compensation plan bundles to the salesperson and intends to learn something about 2 Mathematical Problems in Engineering the demand information from the salesperson's choice. The quota-based compensation plan includes a fixed salary and a variable income which is proportional to the sales volume above a prespecified quota. Then, the salesperson as a follower privately observes the market status and decides which plan to sign. Finally, the sales volume is realized and the corresponding payment is made by the fashion retailer to the salesperson.
We employ a two-stage game to address the design of compensation plan of the fashion retailer and the response of the salesperson. We firstly analyze the salesperson's best response to the compensation plan signed in the first stage. Next we employ the screening model to formulate the fashion retailer's optimal design of compensation scheme. We fully characterize the optimal parameters of the commission rate and the fixed salary under the quota-based compensation plan. Our paper contributes to the literature by considering both the asymmetric information between the sales force and the fashion retailer and the impact of the quota level on their optimal strategies.
The rest of this paper is organized as follows. In Section 2 we review the related literature. In Section 3 we carry out the model framework. In Section 4 we study the salesperson's optimal response and in Section 5 we study the fashion retailer's compensation plan design. We investigate the impact of the specified quota on the optimal strategies of the fashion retailer as well as the salespersons in Section 6. Finally, we conclude the whole paper with managerial insights in Section 7. All proofs are presented in the appendix.
Literature Review
There are three streams of studies that are related to our research: the sales force management, quota-based compensation plan, and the contracting theory in the fashion supply chains.
In the literature, there exists extensive research for sales force management. We refer to Coughlan and Sen [2] and Coughlan [3] for comprehensive reviews. Existing research about the sales force compensation involves two kinds of relationship between the selling effort and the sales volume: the deterministic relationship (refer to Farley [4] , Tapiero and Farley [5] , Weinberg [6] , etc.) and the stochastic relationship. The latter means that the sales volume is a stochastic function of the salesperson's selling effort which is unobservable to the fashion retailer. Basu et al. [7] apply agency theory for the first time to model the sales force compensation problem. They maximize the fashion retailer's profit and take into account the likely behavior of the salesperson in response to the compensation plan. Their research is then further studied by Srinivasan [8] , Coughlan and Sen [2] , Lal and Srinivasan [9] , and so forth. After that, the basic model of one product, one salesperson and symmetric information is extended by Lal [10] , Lal and Staelin [11] , Dearden and Lilien [12] , Rao [13] , Lal and Srinivasan [9] , and Chen [14, 15] to allow for multiple products, multiple salespersons, asymmetric information, and so on. Chen [14] [15] [16] studies the problem of sales force compensation in a setting of one fashion retailer and one salesperson by considering the impact of sales force behavior on a fashion retailer's production and inventory system. Porteus and Whang [17] present a specific connection with sales force incentives and manufacturing incentives. Their model is single-period and thus ignores the dynamic nature of sales force behavior. In our paper, we study the compensation plan problem involving one fashion retailer and one salesperson with both moral hazard and adverse selection. Our research contributes to the literature by considering the fashion retailer's design of compensation plan to a salesperson by anticipating that a production decision has to be made after contract signing, but before sales realization.
In terms of the literature on the quota-based compensation plan, our analysis is different from those that are studied before. Rao [13] and Mantrala et al. [18] propose a quota-based plan, which is linear in the sense that sales below quota would lead to a reduction in compensation at the same rate as the incremental compensation paid to sales above quota. Lal and Staelin [11] study a menu of quotabased compensation plans in the presence of information asymmetry between the fashion retailer and the salesperson. Mantrala et al. [18] investigate how the quota can serve as a fashion retailer's mechanism to learn about the selling effectiveness of the salesperson. Raju and Srinivasan [19] consider a basic quota-based compensation plan where the fixed salary and commission rate are fixed across the entire sales force. We highlight the formulation of the quota-based compensation with one salesperson. In addition, our analysis contributes to the literature in considering the asymmetric information and providing interesting insights into how the specified quota affects the fashion retailer and salesperson's optimal strategies.
Some research is found in the contracting theory of fashion supply chain. Chiu et al. [20] consider the effect of the sales effort on the sales rebate contract used in the fashion supply chains. Kurata and Yue [21] study the scan-back trade promotion mode which enables information sharing between the manufacturer and retailer of the fashion industry. Xu et al. [22] investigate different coordinating contracts (coordinating revenue sharing contract, two-part tariff contract, sales rebate and penalty contract, and revenue sharing with twopart tariff contract) in the fashion supply chain with a riskaverse retailer. Wang et al. [23] study two kinds of outsourcing structure under two different contracts which could be widely used in the fashion industry. Our paper focuses on the sales force management problem between the fashion retailer and the employed salesperson. We mainly study the design and the effect of the quota-based compensation plan.
Model Framework
3.1. Sales Volume. We propose a model in which a fashion retailer (she/her) employs a salesperson (he/him) to sell a product. Let , a nonnegative real number, be the effort level of the salesperson. Denote the effectiveness of the selling effort by . We assume that the salesperson's total sales volume is = + + .
(
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= { , with probability ; , with probability 1 − .
Here, and correspond to the high and low states of market status, respectively, and > > 0. Assume that is sufficiently large that the probability of being negative is negligible. This kind of two-state assumption is widely used in the literature and is sufficient to capture the main features of compensation plan (refer to Chen [14] , Ha and Tong [24] , Li et al. [25] , and Lee and Yang [26] ). We denote the state by , = or , which is observed by the salespersons but not the fashion retailer. Moreover, is a random variable independent of , representing a random noise with ∼ [− , ], where is a nonnegative real number.
The Quota-Based Contract.
Facing the existence of moral hazard and adverse selection, the fashion retailer's typical solution is to offer compensation plan bundles to the salesperson. In our model, due to the two-point distribution of state, the fashion retailer provides two alternative bundles to the salesperson = {( , ) | = , }, where is the commission rate and is the fixed salary. We let be the total payment made to the salesperson. We study a quota-based compensation plan. Since the fashion retailer cannot directly observe the salesperson's selling effort level, she compensates him based on his realized value of . Hence, the total payment to the salesperson based on is
where is the prespecified quota, an exogenous constant, and
The payment function of the quota-based plan is a fixed salary plus a commission income if the sales volume exceeds a prespecified quota. For easy implementation, we consider a quota-based plan, where the quota is given or fixed across a geographic area.
Sequence of Events.
The relationship between the fashion retailer and the salesperson is like that of a principal and a sales agent. The latter sells the product on behalf of the former. The salesperson's sales volume increases when he puts more selling effort, which is not observable to the fashion retailer. The fashion retailer designs the compensation plan and makes her production decision. We assume that both the fashion retailer and the salesperson are risk-neutral.
We model the compensation plan problem under asymmetric information as a two-stage game. The sequence of events is presented in Figure 1 and described as follows. Stage 2. The uncertainty of demand is resolved. Both the fashion retailer and the salesperson observe the total sales. At the same time, the associated payments depending on the compensation plan signed are made from the fashion retailer to the salesperson.
Production Plan.
According to the above defined sequence of events, the fashion retailer needs to determine the production quantity before the total sale is realized. Let be the production quantity and let be the production cost. If ≥ , the excess products are salvaged at V per unit. On the other hand, if < , the excess demand must be satisfied via an emergency supply such as a special production run at a cost of per unit, which is usually greater than . Let denote the selling price of the product. To avoid trivial case, we assume V < < < . The fashion retailer's production cost is
Below we use backward induction to address the above defined compensation plan problem. We firstly consider the salesperson's optimal decision when he is offered a bundle of compensation plans in the first stage. Then we study the fashion retailer's optimal design of plans by taking the salesperson's best response into consideration.
Salesperson's Best Response
Given the bundles of compensation plans, the salesperson privately observes the market status. Then he decides which plan to sign and how much selling efforts to exert. Assume the salesperson is risk-neutral and his disutility function is ( ) = (1/2) 2 , an increasing convex function. The objective of the salesperson is to maximize the expected net income, the wage ( ) minus the disutility function ( ). Suppose he chooses the bundle , = or , and when the state is , = or , the salesperson's problem is to maximize the expected net income ( ) as follows:
We derive the salesperson's best response in Lemma 1.
Lemma 1. The salesperson's optimal response of selling effort under the bundle is determined by
Here, denotes the random noise, and the term + represents the base level of potential sales when the state is . The term + − is the difference between the base potential sales and the quota specified in a geographic area. Lemma 1 indicates that the optimal effort level increases with + − but decreases with . Namely, the salesperson will work harder if the market implies a higher level of base potential sales but a lower level of prespecified quota. For example, in the fashion industry market, the fashion sales representatives will work harder in the peak season or with a lower level of quota provided by the fashion company.
Lemma 1 also implies that the optimal effort level enhances with the commission rate , but the fixed salary does not affect the optimal effort. Hence, the fashion retailer should choose a higher commission rate to stimulate hard work of the fashion sales representatives.
Optimal Compensation Plan
We now analyze the design of compensation plan for the fashion retailer in the presence of asymmetric information. Since the market state is unobservable to the fashion retailer, the fashion retailer offers two bundles = {( , ) | = , } to the salesperson.
As the production decision is made before the sales realization, the fashion retailer's total profit is given by
Obviously, both the first and the second terms of the fashion retailer's total profit do not depend on the production quantity . In this situation, the optimal production quantity * minimizes
If the total sales volume is realized, the optimal production quantity * can be obtained via the above standard Newsvendor problem. In this situation, the optimal production quantity * is determined by
where (⋅) is the distribution function of .
From the above analysis, we get that the determination of the production quantity may be separated from the design of optimal compensation plan. Additionally, the fashion retailer aims to design an appropriate compensation scheme so as to induce truth telling about the market status as well as motivate the salespersons to work hard. An optimal compensation plan can be derived by the following problem:
The first two constraints are the incentive compatibility constraints for the salesperson's effort choices, the third and fourth constraints are the individual rationality constraints, which ensures the salesperson's minimum profit min in both high and low states, and the last two constraints guarantee that the salesperson maximizes his profit by truthfully revealing his information about the state. Considering the salesperson's optimal effort level derived in the previous section, the fashion retailer's problem can be simplified as follows:
Since > , we claim that the first and the last constraints are tight. By converting the constrained optimization problem into an unconstrained optimization problem, we derive the optimal parameters of a quota-based compensation plan in Theorem 2.
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Theorem 2. The optimal parameters of a quota-based plan are given by the following.
(i) The optimal commission rate is as follows:
(ii) And the optimal fixed salary is as follows:
Here, = + − , = + − , = + , and = − . We define = − as the degree of information asymmetry of market status, and − is the marginal profit of the product. By analyzing the first statement of Theorem 2, we get the following properties.
(1) The optimal commission rate in a low state is positive if and only if the term (1 − ) / exceeds /2 2 ( − ).
(2) Both and are smaller than 2 / 2 .
(3) > ; namely, the optimal commission rate under a high state is higher than that in a low state; therefore, the fashion company should provide the fashion sales representatives with a higher commission rate in the peak season than in the low season. (4) is independent of the probability of high state .
(5) decreases with the market characteristics in a high state and increases with the marginal profit.
In the second statement of Theorem 2, we find the following.
(1) The optimal fixed salary in a low state decreases with . (2) increases with but decreases with . Therefore, a lower fixed salary and a higher commission rate under a quota-based compensation plan will be valued by the fashion retailer.
The Impact of the Quota
As mentioned in our model, a quota-based compensation plan is easy to implement for a sales force employed by the fashion retailer. In the current paper, we propose a quotabased compensation plan where the quota is prespecified. However, if the fashion retailer is able to choose the quota of the quota-based plan, then what is the fashion retailer's best response in her strategy space? In this section we are going to analyze the impact of the quota value.
Note that we have derived the optimal parameters of commission rate and fixed salary under a quota-based plan under asymmetric information. Subsequently, in this section we begin with the sensitivity study of the impact of the specified quota on the optimal parameters. Finally, we implement numerical study to show the impact of the quota on the optimal strategies of the fashion retailer and the salesperson.
Impact of the Quota on the Optimal Parameters.
From Theorem 2, we derive the optimal commission rate and fixed salary in both high and low states. Subsequently, we implement a sensitivity analysis to investigate the impact of the quota on the optimal commission rate as well as the fixed salary. The following lemma characterizes the sensitivity analysis of . Clearly, the condition (1 − )( + − )/ ( + − ) ≥ ( − )/ 2 ( − ) can be interpreted as the proportion of the expected characteristics in a low state to the expected characteristics in a high state is no less than the proportion of information asymmetry for market status to the marginal profit multiplying 2 . Proposition 3 indicates that the fashion retailer should choose a higher commission rate but a lower fixed salary when given a larger quota . As a higher level of quota implies worse characteristics for the territory, the fashion sales representative does not have the incentive to work hard for the fashion retailer.
Proposition 3 (sensitivity analysis). (i) The optimal commission rate in a high state is increasing in if and only if
The Impact of the Quota on the Optimal Strategies.
This subsection presents the analysis of the impact of the quota specified in a geographic area on the optimal strategies of the fashion retailer and the salesperson. From Theorem 2, we can derive the optimal profits of the fashion retailer Π 0 as well as the salesperson 0 . Table 1 presents the fashion retailer and the salesperson's optimal profits (Π 0 and 0 ) under a quotabased compensation plan in both high and low states.
Subsequently, we implement numerical study to show the impact of the quota on the optimal profits of the fashion retailer as well as the salesperson. To guarantee that > , > , and − < < + , we choose parameters as follows:
= 100, = 60, = 20, = 10, = 6, and 6 Mathematical Problems in Engineering = 50. As our goals are to study the effects of the quota and the high state probability on the optimal profits of the fashion retailer and the salesperson, we let vary from 30 to 90 and = {0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8}. Figure 2 shows that, for a fixed , the fashion retailer's expected profit decreases as the quota ascends, but the decreasing rate enhances gradually. In this case, if the fashion retailer is able to choose the quota, then the best response is to select the smallest in her consideration set. Moreover, Figure 2 also indicates that, for a fixed , the fashion retailer's expected profit declines gradually as is smaller than 0.5 while it increases as exceeds 0.5. Figure 3 implies that, for a fixed , the fashion sales representative's optimal profit in a high state is increasing in and, in addition, the increasing rate enhances gradually. In this situation, with a larger the fashion sales representative is motivated to work hard and generate a higher sales volume, which indicates a higher profit. However, as approaches 1, the fashion sales representative's optimal profit in a high state gradually reduces as increases. Moreover, Figure 3 also shows that, for a fixed , the fashion sales representative's optimal profit in a higher state declines as ascends.
From the above numerical results, one quick implication is that a higher quota level is disadvantageous to the fashion retailer but advantageous to the fashion sales representatives. Moreover, as the high state probability increases, the numerical studies indicate that both the fashion retailer and the salespersons' optimal profits do not change monotonically.
Conclusion and Remarks
In this paper, we study the optimal compensation plan in a context of one fashion retailer and a salesperson under asymMathematical Problems in Engineering metric information. We adopt the two-stage game model to analyze the problem. The quota-based compensation plan is proposed. We first derive the salesperson's optimal strategies and then formulate the design of rewarding scheme for the fashion retailer. By characterizing the optimal parameters of the quota-based compensation plan, we find that a structure of a lower fixed salary and a higher commission rate is appreciated by the fashion retailer.
In the paper, we only study a quota-based compensation plan and it is still valuable to further consider other compensation schemes. Secondly, the current paper assumes that both the fashion retailer and the salesperson are riskneutral. One useful extension is to consider the case that the fashion retailer and the salespersons are risk-averse. Finally, in the paper we discuss a compensation plan with one fashion retailer and one salesperson. However, the configuration of one fashion retailer and multiple salespersons will be valued when the competition between salespersons is emphasized. Obviously, this configuration will lead to significantly harder research and some interesting future research topics. Then we substitute the optimal effort level into problem (10) , and the fashion retailer's optimization problem can be simplified by
Next, we claim that the first and the last constraints are binding as long as ≥ . First of all, if the first and the fourth constraints hold, then the second constraint holds automatically. Notice that, from the first constraint, we have ≥ min −( ( + − ) 2 /2(2 − 2 )). Replace it into the last constraint; since > , then we get
Secondly, we show that the first constraint is binding. If not, we can decrease and by the same amount such that all the constraints still hold and the objective function will increase, which violates the optimality condition.
Thirdly, we show that the last constraint is binding as long as ≥ . If, at the optimal solution, the last constraint is not binding, then we can decrease by such that the last constraint is binding. In this case, all other constraints still hold and the objective function will increase, which violates the optimality condition. Hence, as long as ≥ , the third constraint holds automatically. When the first and the last constraints are tight, we get
(A.8)
Substituting and into the third constraint, we get
From all the above, we get that the first and the fourth constraints are binding as long as ≥ . Subsequently, we turn to analyze the optimal commission rate and the fixed salary under a quota-based compensation plan. Relaxing the second and the third constraints, we can convert the original constrained optimization problem into an unconstrained optimization problem. We substitute the optimal effort levels and into the objective function, and then the fashion retailer's optimization problem can be written as
(A.10)
Note that the fashion retailer's objective function is separable and concave in and , respectively. Thus, the optimal commission rate can be derived by the first-order condition.
Denote 0 = /(2 − 2 ) and 0 = /(2 − 2 ). From all the above, we can summarize the following. When the two salespersons are independent, the optimal parameters of a quota-based plan are given by the following. (ii) And the optimal fixed salary is as follows: For the optimal fixed salary, we have
